Objectives. We sought to assess the difference in a preference-based measure of health among adults reporting maltreatment as a child versus those reporting no maltreatment.
Assessment of the impact of childhood maltreatment on the first of the 2 components of the QALY-life expectancy-is relatively straightforward. It requires good epidemiological data on mortality outcomes associated with the acute and chronic phases of childhood maltreatment. Assessment of the impact of childhood maltreatment on the second component, HRQoL, is more complicated. When following national guidelines for conducting cost-effectiveness analyses, 17, 22, 23 measures of HRQoL should reflect relative desirability of different health outcomes under consideration for the population of interest. Preference-based measures provide a summary value for a respondent's valuation of the quality of life of a particular health state, incorporating all positive and negative aspects of a health state into a single number.
A commonly used approach for valuing preferences in health is "utility." A utility weight is typically scaled between 1, representing perfect health, and 0, representing a health state judged equivalent to being dead. Decrements in HRQoL, as measured by utility
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| Phaedra S. Corso, PhD, Valerie J. Edwards, PhD, Xiangming Fang, PhD, and James A. Mercy, PhD weights on this scale, are then multiplied by length of life to estimate the QALYs associated with and without the intervention under consideration. These preferences, or utilities, can be directly elicited from the affected population or can be indirectly derived through the use of well-developed, generally accepted, and widely used generic HRQoL indexes whose valuation is based on general population samples. [24] [25] [26] [27] [28] For health outcomes resulting from physical abuse, sexual abuse, psychological abuse, neglect, or any combination thereof, few if any studies have either directly or indirectly elicited utilities. The paucity of data, particularly for health states associated with childhood maltreatment, is most likely because of a variety of practical and methodological challenges. 29 These include the difficulty in defining an average health state for acute or ongoing violent episodes, the cognitive challenges in eliciting preferences for health outcomes from children, proxy issues concerning parents or caregivers who are often the perpetrators of maltreatment, and other reasons
There is increasing evidence that exposure to childhood maltreatment can lead to greater susceptibility to lifelong physical and mental heath problems, including cardiovascular disease, hypertension, diabetes, anxiety disorders, depression, substance abuse, and perpetration of future violence. [1] [2] [3] [4] [5] [6] [7] Childhood maltreatment can be defined as any act or series of acts of commission or omission by a parent or other caregiver, in the context of a relationship of responsibility, trust, or power, that results in harm, potential for harm, or threat of harm to a child's health, survival, development, or dignity. 8, 9 Childhood maltreatment poses a substantial risk for long-term health for many reasons. First, recurrent exposure to the stress associated with maltreatment can lead to potentially irreversible changes in the interrelated brain circuits and hormonal systems that regulate stress. [10] [11] [12] Changes in these brain systems can lead to a premature physiological aging of the body that increases vulnerability to disease over the life course. 11, 12 Second, childhood maltreatment increases the risk of behavioral problems such as smoking, substance abuse, obesity, and sexual promiscuity. 1, 13 Third, a related body of evidence indicates that early adverse childhood experiences have a profound effect on a range of cognitive, social, and emotional competencies that lay the foundation for successful learning, coping, and subsequent economic productivity. [13] [14] [15] [16] This broad range of childhood maltreatment's impact on health suggests that it may also have an impact on victims' life expectancy and long-term health-related quality of life (HRQoL). When assessed together, these outcomes provide information on the effect that childhood maltreatment has on victims' remaining quality-adjusted life years (QALYs), which is a composite measure of health typically used in economic evaluations of health interventions such as costeffectiveness analyses.
 RESEARCH AND PRACTICE  associated with development of the field of childhood maltreatment prevention and priorities for research.
30,31
Only a few studies have assessed the longterm impact of childhood maltreatment on HRQoL, [32] [33] [34] [35] 32 The authors found an inverse relationship between ACE score (on which the more adverse experiences, the higher the score) and the SF-36 overall summary measure. However, the summary measure derived from the SF-36 measures health on a scale from 0 (worst health) to 100 (best health) but does not explicitly incorporate preferences into its scoring algorithm and, therefore, cannot be used to obtain preference weights for constructing the QALY. Alternatively, preferencebased measures of HRQoL reflect relative desirability of a score (or index on a scale) based on tradeoffs that one would make on life expectancy to achieve better HRQoL. 23 Fortunately, new methods have been developed that enable one to translate summary measures of HRQoL into preferencebased measures of HRQoL for use in costeffectiveness analyses. This represents an exciting advance in methodology, particularly as it is applied to health outcomes associated with violence that have received such little attention in terms of eliciting preference-based measures of HRQoL. We sought to derive preference-based values for childhood maltreatment outcomes derived from summary measures of health defined by adults self-reporting maltreatment outcomes during childhood. These results, when incorporated with epidemiological data on life expectancy, will provide a means for assessing lifetime losses in QALYs and for conducting cost-effectiveness analyses of interventions designed to prevent childhood maltreatment. 
METHODS

Study Population
Data Analysis
Our main outcome measure of interest was a preference-based HRQoL measure, or utility, for 2 populations-adults who self-reported childhood maltreatment during the first 18 years of life (cases) and those who did not report maltreatment during childhood (controls).
Health utility measures were calculated using the Brazier algorithm (provided by Brazier) that transforms a summary measure of health into a preference-based measure of health. Brazier et al. 40 first reduced a summary measure of health, the SF-36, into a 6-dimensional health state classification system, the Short Form-6D (SF-6D). The SF-6D includes physical functioning, role imitations, social functioning, pain, mental health, and vitality. Then they directly elicited preference-based measures of HRQoL, or utilities, for a variety of health states defined by the SF-6D from 165 health professionals and patients in the United Kingdom. Following positive outcomes from this pilot work, Brazier et al. 41 refined the original models by using a representative sample of the general public (n = 836). Several models were tested, with the fixed effects and random effects models being the most appropriate, with utility values as the dependent variable and personal characteristics and dummies for each level of the SF-6D as independent variables. Parameters were estimated from these models and then used for the population to estimate utility indices from the SF-6D. Subsequent studies have tested the validity and reliability of the transformation formula, and it is now seen as a promising method for deriving utilities or preference-based measures of health states from summary health data. 41, 42 Because our study relied on a large observational study with cases (the childhoodmaltreatment group) being assigned to experimental units without the benefits of randomization, systematic differences were likely to exist between individuals in the childhood-maltreatment and no-childhoodmaltreatment groups with respect to confounding covariates such as other adverse childhood experiences and socioeconomic status. Simple comparisons of HRQoL measures between childhood maltreatment and no childhood maltreatment are potentially misleading or biased in that the differences of health utility between the 2 groups could be explained by systematic between-group differences rather than as the effect of maltreatment per se.
Therefore, we use the method of stratification based on the propensity score, a scalar function of the covariates, to approximate a randomized controlled setting and to reduce bias in estimating marginal impacts of childhood maltreatment on predicted utility in an observational study. 43, 44 The method involved dividing units into 5 age groups and then dividing them into quintiles based on the propensity score within each age group (for a total of 25 strata). Health utility measures of childhood maltreatment and no childhood maltreatment were compared for those who fell into the same strata. An overall effect of childhood maltreatment on utility was estimated by using a weighted average of the within-strata estimates with the weights equal to the proportions of the population within the strata. To assess the marginal impact of each type of childhood maltreatment on utility, logistic regression models were estimated with imputed health utility as the outcome variable and 5 types of maltreatment as predictors for all 25 strata. Similar to estimating the overall effect of childhood maltreatment on utility, the overall impact of each type of maltreatment on utility were weighted and combined across all 25 strata to determine the overall impact of that type of childhood maltreatment on utility.
To create the propensity score, which was defined as the predicted probability of being maltreated during childhood, we estimated a multiple logistic regression predicting childhood maltreatment by using a number of covariates as explanatory variables. These covariates included basic demographics (gender, age, age squared, race), family economic variables found to be related to childhood maltreatment in previous research (mother's years of education, log of number of residential moves in childhood, whether parent owned own home), 45, 46 and the other 5 categories of adverse childhood experiences described previously and in Table 1 . The rationale for using  RESEARCH AND PRACTICE  Significance tests for all key variables were conducted between the childhood-maltreatment and no-childhood-maltreatment groups within each of the 25 strata for both before and after subclassification. We used an analysis of variance (ANOVA) to evaluate differences in prevalence of key variables that were continuous and a 2-sided Pearson χ 2 test for variables that were categorical. A P value of less than .05 was considered significant in this analysis.
RESULTS
Of the 8667 respondents in the second survey wave of the Adverse Childhood Experiences Study, 7641 (88%) agreed to complete the SF-36, and 6815 (78.6%) completed all questions. An additional 647 respondents were excluded because they were missing information on childhood maltreatment (n = 25) or on covariates used to develop the propensity score (n = 622). Of the 6168 respondents who remained, the average age of participants was 55.4 years (SD = 14.9), 53% were women, 76% were White, and 45.6% (n = 2812) self-reported some form of maltreatment during childhood. Respondents that remained did not differ substantially on demographic characteristics from the original sample. For example, those respondents who remained in the analyses were similar in age (55.4 years vs 55.9 years) and were more likely to be men (by 1.1%) and White (by 2.1%) compared with the original sample. Therefore we feel that the respondents included in this analysis were representative of Kaiser Permanente's population. Table 2 contains the prevalence of each individual form of childhood maltreatment, as well as the correlation between maltreatment types. Physical abuse had the highest prevalence of any of the abuse types (26%), whereas physical neglect was reported by the fewest participants (9%). Each maltreatment type was modestly to moderately correlated (P < .05), with the highest correlations between emotional abuse and emotional neglect (0.43), although physical abuse and emotional abuse were nearly as highly correlated (0.42).
A number of key variables were significantly different between the maltreated and nonmaltreated populations, as previously analyzed and reported by the Adverse Childhood Experience Study investigators. 47, 48 In particular, persons in all age groups who reported childhood maltreatment also reported significantly higher percentages of the other 5 measured adverse childhood experiences, compared with those who reported no childhood maltreatment. The measured economic variables were also significantly associated with childhood maltreatment. After we applied the stratified propensity score method, only 1 of the 25 strata had a significantly different mean propensity score, but the magnitude of the difference within this strata was slight (a score of 0.76 in the maltreated group vs 0.73 in the nonmaltreated group). Therefore, we concluded that the overall matching process was successful in reducing bias between the childhood-maltreatment and no-childhoodmaltreatment groups. 43, 44, 49 50 estimated as a minimally important difference (0.011 to 0.097) in utility for the SF-6D as measured in 11 studies. For every age group, the overall marginal difference in utilities for those reporting childhood maltreatment compared with those reporting no maltreatment were statistically significant at P < .05, with the largest difference occurring in the group aged 20 to 39 years and the smallest difference occurring in the group aged 60 to 69 years. Imputed utility scores by age group are provided for childhood-maltreatment and no-childhoodmaltreatment groups in Table 4 . Table 3 shows that, across all ages, emotional neglect had the strongest influence on the marginal disutility, followed by sexual abuse and physical abuse. Neither emotional abuse nor physical neglect significantly impacted the disutility across all age groups. However, type of maltreatment impacted the disutility differentially within each age group. For example, among those aged 19 to 49 years, physical abuse, sexual abuse, and emotional neglect significantly impacted disutility. Among those aged 50 to 59 years, however, only physical abuse significantly impacted disutility, and among those aged 60 to 69 years, only sexual abuse and emotional neglect significantly impacted disutility. Among those 70 years and older, only emotional abuse significantly impacted disutility. In fact, the influence of emotional abuse on disutility was only significant among those 70 years and older.
DISCUSSION
We found that persons who experienced maltreatment during childhood had significant Note.A utility value is a preference-based measure of health-related quality of life (HRQoL), which is typically scaled between 1, representing perfect health, and 0, representing a health state judged equivalent to being dead. Decrements in preference-based HRQoL as measured by utility weights are provided in this table. The weights can be multiplied by length of life to estimate the marginal decrease in quality-adjusted life years for each maltreatment group relative to a no-maltreatment group. *P < .05. Note.A utility value is a preference-based measure of health-related quality of life (HRQoL), which is typically scaled between 1, representing perfect health, and 0, representing a health state judged equivalent to being dead. Decrements in preferencebased HRQoL as measured by utility weights are provided in this table. The weights can be multiplied by length of life to estimate the average qualityadjusted life years remaining for each maltreatment group relative to a no-maltreatment group.
and sustained losses in preference-based HRQoL in adulthood, as measured by health utilities, compared with persons who did not experience maltreatment during childhood. Overall, adults who self-reported any form of childhood maltreatment had a yearly loss of 0.03 QALYs, or 11 days per year. Physical abuse, sexual abuse, and emotional neglect alone significantly reduced HRQoL per year by 0.015, 0.016, and 0.026 QALYs, respectively; emotional abuse or physical neglect alone did not. Preference-based HRQoL, or utility, losses among the childhood-maltreatment group compared with the no-childhood-maltreatment group significantly differed for all age groups, with higher differential losses in utilities found among the youngest age group (0.04 QALYs, or 15 days per year). These differential losses diminished with increasing age up until age 70 years and older, at which time the marginal difference in utility losses between the childhood-maltreatment and no-childhoodmaltreatment groups increased.
Limitations and Potential Biases
The retrospective nature of the self-report data may be one explanation for the declining differences in utility as age increased, with the slight exception of the group 70 years and older. One might question the reliability of older age groups in self-reporting events that may have occurred, in some cases, more then a half century ago. However, there is accumulating evidence that suggests that the unreliability of retrospective reports of trauma is overstated. 51, 52 For example, in another analysis that used the Adverse Childhood Experiences Study data, researchers found that Cohen's κ was in the good-to-excellent range when a test-retest reliability of the ACE measure was conducted. 53 In addition, other analyses from the Adverse Childhood Experiences Study have not found that the association between adverse childhood events and HRQoL decreases with age. 32 The recollection of personally experienced events such as childhood maltreatment may have more to do with when the maltreatment occurred and other factors occurring during childhood than with the age of the respondent. Memories of events that occurred before age 3.5 years are very unlikely to be recalled and memories from the 3.5-to 6-year age range are also less likely to be recalled than those that occurred during a later age. 54 Older age when the maltreatment ended, maternal support following the disclosure of maltreatment, and more-severe maltreatment have all been found to be associated with an increased likelihood of disclosure. 55, 56 Another probable source of bias in our study relating to retrospective self reports of childhood maltreatment was that some cases of maltreatment may not have been selfidentified. In a prospective study of women's memory of childhood sexual abuse, Williams 57 There were a number of other limitations with this study that should be considered. First, type of childhood maltreatment and other adverse exposures were defined by a limited number of survey questions. As such, there could exist wide exposure variance within each category that is not accounted for in the model. Second, the sample was not representative of the US population and included a group who had good health care coverage and access to health care. Thus, we cannot easily draw the conclusion that these utility losses would be higher or lower in other populations. However, we suspect that in populations with limited access to health care, and mental health services in particular, the marginal difference in utilities between cases and controls might be even greater. Third, we excluded respondents for whom complete SF-36 data (and therefore SF-6D data) were not available, and if these data were not missing at random, our results could be biased. To the best of our knowledge, there are no methods to impute missing values for the transformed SF-6D. Fourth, others have noted that traumatic events tend to be more memorable. 58, 59 Therefore, adult self-reports of the neglect subtypes from the Adverse Childhood Experiences Study data may be less reliable than reports of the other maltreatment subtypes that are more traumatic.
Public Health Implications
Despite these limitations, translated over a typical lifespan of an individual (aged 75 years, for example), these data suggest that persons who experienced childhood maltreatment have a marginal decrease in at least 2 years of undiscounted quality-adjusted life expectancy, compared with persons who did not experience childhood maltreatment. A cost-effectiveness analysis of an intervention designed to prevent childhood maltreatment, therefore, would include 2 QALYs saved for every case of childhood maltreatment prevented. These results represent a floor effect of the true impact of childhood maltreatment on QALYs for 3 reasons. First, these estimates did not include losses in life years that may be associated with childhood maltreatment because of its influence on key risk factors for suicide and drugor alcohol-related fatalities. 60, 61 Our estimates of QALYs lost in a maltreated population also did not account for differential mortality rates associated with chronic diseases found to be correlated with childhood maltreatment. And, of potential greater impact, our estimates did not include HRQoL losses incurred during the acute stage of the maltreatment. These utility loss estimates were also conservative in that other adverse childhood exposures were controlled for in the estimation of the propensity score, thus making the utility losses estimated in this analysis marginal to any utility losses that could occur with co-existing adverse childhood exposures. Dong et al. 48 found that the presence of 1 adverse childhood exposure resulted in significantly higher odds (between 2 and 17.7 times) of reporting additional adverse childhood exposures. As a reduction in SF-36 score by increasing number of self-reported adverse childhood exposures was shown in Edwards et al., 32 we would expect utility losses to also increase with an increasing number of adverse childhood exposures. The marginal effect of the other adverse childhood exposures may be less influential then the effect of childhood maltreatment on utility, however. To test this, we estimated utility losses by ACE score and found that individuals with 5 or more adverse childhood exposures had a marginal utility difference of 0.067. Compared with individuals with zero adverse childhood exposures, an individual with 5 or more exposures would have a marginal decrease of at least 5 years (over his or her lifespan) of undiscounted quality-adjusted life expectancy. The results presented here are an important first step for developing the benefits measure for use in economic evaluations. Economic evaluations are critical for policymakers charged with making allocation decisions with scarce public health resources. Use of a composite measure, such as the QALY, allows the decisionmaker to consider effects of the intervention on length of life and quality of life simultaneously. Applications of cost-effectiveness analyses to interventions that prevent childhood maltreatment are ideal because of the impact on life expectancy previously suggested by the literature and on quality of life as indicated by these results. If cost-effectiveness analyses of interventions to prevent childhood maltreatment are to be successful, further research to estimate the impact of childhood maltreatment severity and duration on quality of life and differential mortality losses associated with victims of childhood maltreatment are essential. This would require a serious commitment to collecting and analyzing longitudinal data on these victimized children. Improvements in HRQoL assessment of children, both in defining the dimensions of health appropriate for this age group and in improving elicitation methods, are also needed. When short-term losses in HRQoL are coupled with the long-term losses in HRQoL presented here, analysts will have a complete accounting of QALYs that could be saved per case of childhood maltreatment prevented.
